Abstract The fungicides imazalil and prochloraz suppressed the in vitro growth of four fungal storage pathogens of tamarillos (Colletotrichum gloeosporioides(penz.) Arx, C. acutatumSimmonds, Phomopsis sp., andPhoma exigua Desm.). Imazalil was as effective as prochloraz againstP. exigua but prochloraz was more effective against C. gloeosporioides, C. acutatum. and Phomopsis sp.
was increased by 36% and 35% respectively for the CF strategy and the hot water dip (HW) when compared with the cold water dip (CW). In fruit that were collected from eight orchards, dipped, and stored for 6 weeks at 3.5°C followed by 1 week at 20°C, the number of sound fruit after storage was increased after CF and HW respectively by 64% and 52% compared with the CW dip. Although the dips suppressed the expression of storage disorders, the variation in response of fruit from the eight orchards to the dips was large, and reflected the variation that occurred with water-dipped control fruit. Overall, there was better control of storage disorders and less variation with the CF strategy than the HW strategy.
Fungicide residues for both dip strategies and for each fungicide were less than 2.0 mg/kg in skin, 0.4 mg/kg in pulp, and 1.4 mg/kg in whole fruit as determined on a fresh weight basis after 8 weeks cool storage.
Neither of the dip strategies adversely affected the flavour or texture of treated fruit as assessed by a tasting panel, although fruit treated with prochloraz had slightly less characteristic tamarillo flavour.
INTRODUCTION
The proliferation of storage disorders in cool-stored tamarillos caused by quiescent and saprophytic fungi can be effectively reduced using hot water and imazalil postharvest dips (Yearsley et aI. 1987) . A hot water dip for 8 min at 50°C was effective in controlling quiescent infections and minimised damage of peduncle tissue. However, some necrosis of peduncle tissue will occur with this treatment and therefore it is not considered an appropriate disease control method and an alternative strategy was investigated.
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New Zealand Journal of Experimental Agriculture, 1988, Vol. 16 The fungicide prochloraz is reported to be effective against Colletotrichum gloeosporioides (penz.) Arx in avocados (Muirhead et al. 1982) and strawberries (Gullino et al. 1985) . It has also been found effective against C. acutatum Simmonds in avocados (Hartill et al. 1986 ). We investigated the use of prochloraz as a postharvest dip to control C. gloeosporioides and C. acutatum infections in tamarillos.1f effective, the use of acold water + prochloraz dip would be an alternative control strategy to hot water dipping. Previous studies have shown that imazalil was effective in controlling saprophytic fungi colonising body and peduncle tissue of tamarillos (Yearsley et al. 1987) .
In this paper, we report on experiments evaluating the efficacy of imazalil and prochloraz in controlling body rotting fungi and compare the effectiveness of the hot water and fungicide dipping strategies.
MATERIALS AND METHODS

Fungicide activity in vitro
Petri dish plates containing the following fungicides in Potato Dextrose Agar (Difco Laboratories) were prepared: imazalil (I) as Fungaflor 75 WSP at 0, 0.375,0.75, and 1.5 mg active ingredient (a.i.)/litre; prochloraz (P) as Sportak 50WP at 0,0.25,0.5, and 1.0 mg a.i./litre; and combined imazalil + prochloraz at 0, 0.375 I +0.25 P, 0.75 1+ 0.50P,and 1.5 1+ 1.0 P mg a.i./litre. Agar plugs (4 mm) were transferred to these plates from the margins of actively growing colonies (at 25°C) of the following cultures previously isolated from tamarillos: Colletotrichum gloeosporioides, C. acutatum,Phomopsis sp.,Phoma exigua Desm., and Gnomoniasp. Twononpathogens, Didymella bryoniae (Auersw.) Rehm and Phoma medicaginis Malbr. & Roum., were also included in the trial. Colony diameters were measured after 2,4,6, and 8 days incubation in the dark at 25 ± 1°C on three plates for each fungicide concentration or combination. All seven fungi were included in the statistical analysis but only the results of the first four (principal body-rotting fungi) are presented here. An ANOV A on the average loge diameter over 2-8 days for each fungus/treatment combination was calculated and compared using Fisher's protected least significant difference test
Fruit dipping experiments
Effect of prochloraz on storage disorders
Export quality red tamarillos were harvested from a single orchard in 1983 and stems removed by cutting just above the calyx. Trays of fruit were selected and treated in a random sequence with five trays per treatment The fruit, in netting bags, were dipped in either cold water (CW), or prochloraz cold water dips at 250,500,750, and 1000 mg/litre for 1 minute (15-20°C). A combined imazalil and prochloraz dip (750 I + 500 P mg/litre) (CF) was also included and cool stored at 3.5 ± 1°C for 8 weeks. After drying, the fruit were repacked into export trays with polyethylene wraps. After removal to 20 ± 2°C for a further week, the proportion of fruit with body lesions, stem-end lesions, fungal growth on calyces, and necrotic calyces was determined.
Comparison of hot water and cold water dipping strategies
In 1984, export quality fruit were harvested from a single orchard and graded into size counts 33, 36, 39, and 42. The fruit were dipped in one of the following treatments: After 4, 6, and 8 weeks subsequent to dipping, four trays per treatment, one each of the different sized fruit, were removed from cool storage (3.5 ± 1°C) to 20 ± 2°C. After 1 week at 20°C the proportion of sound fruit remaining was determined.
In 1985, the experiment was repeated using fruit harvested from 8 orchards. On two occasions, 1 week apart, fruit from four commercial orchards (from either of the Kerikeri, Katikati, or Opotiki regions) were obtained for treatment using a water dip as a control and the CF and HW strategies described above. The fruit were cool stored in export trays for 6 weeks at 3.5 ± 1°C before being held at 20 ± 2°C for a further 9 days. The proportion of sound and saleable fruit in each tray was recorded after 4 and 6 weeks cool storage and during the 9 days at 20°C. An ANOV A was performed on the data after trans-formation using the arcsine of the square root of the proportion of sound and saleable fruit. The variation in efficacy of the HW and CF dips for the eight orchard lines of fruit was determined.
Fungicide residue analysis
Fungicide residues were determined on fruit used for dipping trials in 1984 and 1985. Samples of sound fruit from each tray were removed after 8 weeks cool storage and frozen at -20°C. Thawed samples of tamarillos were weighed, peeled and the weight of peel and pulp determined. Peel and pulp were homogenised separately. Imazalil and prochloraz analyses were determined individually on representative subsamples ofthesehomogenates.
Imazalil analysis Fifty grams of homogenate was weighed into a Waring Blender jar and 50 ml of 25% sodium chloride solution was added. The pH was adjusted to 10-11 with IN sodium hydroxide, then 100 ml of acetone was added and the mixture blended for about 2 min. The mixture was vacuum filtered using a Buchner funnel and Whatman No. 42 paper. The residue remaining on the filter was washed with a small amount of acetone, then blended with a further 100 ml of acetone and filtered again. The acetone extracts were combined and evaporated on a rotary vacuum evaporator until only the aqueous extract remained. This was extracted with two 50 ml volumes of hexane in separating funnels. The combined hexane extracts were evaporated to about 2 ml and added to a glass chromatography column (14 mm i.d.) containing 4 g of deactivated Florisil topped with 1 g of anhydrous sodium sulphate. (The Florisil was heated at 160°C for a minimum of2 days. After cooling, 4 ml of distilled water was added per 100 g ofFlorisil). The chromatography column was eluted sequentially with 50 ml of 50% ether in hexane, 15 ml of 50% acetone in hexane, and 50 ml of 50% acetone in hexane. The fIrst 65 ml was discarded. The 50 ml acetonefhexane fraction was collected and the solvent evaporated. The residue was made up to 5 ml in hexane. Aliquots of this solution were injected into a gas liquid chromatograph (GLC) fitted with a 0.53 mm X 10 m RSL150 Non-paked® bonded phase fused silica capillary column and a nitrogen-phosphorus detector (Tracor model 702), for quantification of the imazalil. The injector, detector, and column temperatures were 230°C, 250°C, and 215°C respectively. Prochloraz analysis The method described above for imazalil was modified as follows and used for the prochloraz anaJyses. In the extraction step, 30 ml of water was substituted for the sodium hydroxide and sodium chloride solutions. The Florisil column was eluted with 50 ml of 50% ether in hexane and then with 85 ml of 50% acetone in hexane. The 50 ml ether/hexane fraction was discarded as the prochloraz was eluted in the second fraction. The GLC was operated under the same conditions as for imazalil except the column oven was programmed to ru~ from 200°C to 250°C at 15°C/min and held at 250°C for 8 min.
Sensory evaluation
Sensory evaluation of tamarillos treated with CW, HW dip, or CF dip was conducted using a panel of 38 volunteers. Fruit had been cool stored for 6 weeks at 3.5 ± 1°C followed by 5 days at 20 ± 2°C.
Individual fruit size and soluble solids were measured and each taster received fruit matched for these parameters. Combinations of treatments were presented and assessed for characteristic tamarillo flavour, off-flavours and overall flavour. Analysis of results was made by dividing the assessment scales into 150 segments with the left hand point being O. An ANOV A was carried out on the ",eans.
RESULTS
Fungicide activity in vitro
The four fungi used in the in vitro growth experiment are the principal fungi which develop as body rots on tamarillos during storage.
Both imazalil and prochloraz suppressed in vitro
growth of the four pathogens tested (Table 1) . ForC. gloeosporioides, C. acutatum. and Phomopsis sp., prochloraz was the more effective fungicide in suppressing colony growth particularl y at the highest concentration tested. When the fungicides were combined as a single treatment, the growth suppression was similar to that of the single most effective fungicide for each fungus at the equivalent concentration.
Fruit dipping experiments Effect of prochloraz on storage disorders
Prochloraz dips at 250,500, 750, and 1000 mg/litre reduced the incidence of storage disorders after 8 weeks cool storage at 3.5°C and 7 days at 20°C compared with water dipped fruit ( Table 2) . There was no effect of prochloraz concentration on the reduction of body lesions, stem-end lesions. presence of calyx mycelium, and calyx necrosis. A greater reduction in disorders resulted from a combined New Zealand Journal of Experimental Agriculture, 1988, Vo1. 16 prochloraz+irnazalil dip. Overall, for the four disorders evaluated, the combined dip resulted in 2.6-5.5 times better control in terms of percentage fruit affected than the 1000 mg/litre prochloraz dip alone.
alone were as effective as either the CF or HW dip strategies. After 4, 6, and 8 weeks cool storage followed by 7 days storage at 20°C, the CF strategy gave an average improvement of 36% more sound fruit and the HW strategy 35% more sound fruit compared to CW dipped fruit. Sound fruit were those considered to be free of body lesions, stem -end lesions, mycelial growth on peduncles and with less than 50% necrotic peduncle tissue.
Comparison of hot water and cold water dipping strategies
Both the HW and CF dip treatments suppressed the development of storage decay in stored tamarillos compared to CW dipped fruit (fable 3). The effect of the dips was seen more clearly after fruit were held at 20°C for 7 days after cool storage. After 4 weeks cool storage, the dips of prochloraz or irnazalil
The effect of the CF and HW dipping strategies in suppressing disorders in fruit from 8 orchards is illustrated in Fig. 1 . The average percentage of sound fruit remaining after 4 or 6 weeks cool storage followed by 9 days storage at 20°C is significantly 'I = imazaliI. P = prochloraz 2' a' represents the best group of treatments with shortest lesion diameters for each fungus using Fisher's protected least significant difference (5% level; log scale). higher than for CW fruit The same is true for the average percentage of saleable fruit remaining after 6 weeks cool storage followed by 9 days at 20°C. Saleable fruit were those considered to be free of body and stem-end decay but this category allowed for small amounts of mycelium and necrosis on peduncles. Of the two dipping treatments, the CF strategy gave the best overall control of storage disorders as determined by the proportion of sound and saleable fruit remaining. Fruit from the eight orchards varied in their response to the dips. This was apparent after 6 weeks cool storage (Fig. 2) . Although at the time of dipping there was little difference in the appearance of the fruit (with the exception of Orchards 1 and 3 which had virtually no virus marking), after cool storage there was a wide variation in the amount of disorders present in the fruit. After 6 weeks cool storage and 7 days at zooC, of the, strategies used, the CF strategy produced the least variation in fruit quality between orchards. In general, both HW and CF strategies gave substantial improvement in variation overwater dipped fruiL However, fruit from some orchards SUbjected to the water dip were as sound and saleable as fruit from the HW and CF dip treatments after cool storage and after a further 7 days at 20°C. Two of the eight orchards had known preharvest spray programmes and three had no sprays applied. No records were obtained for the other three orchards. The use of fungicide field sprays did not appear to influence the expression of storage disorders or response to any of the dip treatments in these trials.
Fungicide residues
Imazalil and prochloraz residues for skin, pulp, and whole fruit samples were analysed in fruit from 1984 and 1985 dipping trials (Table 4) . Recoveries for both fungicides were found to be between 90% and 100%, and the results are corrected for these recoveries.
Average residue levels were below 2.0 mg/kg in skin, 0.4 mg/kg in pulp and 1.4 mg/kg in whole fruit for both fungicides in fruit stored for 8 weeks at 3.5°C. Imazalil residue levels reflect the initial concenuation in the dips, being higher in the CF strategy than in the HW strategy. For the CF strategy, the highest mean imazalil residues recorded were in 1985 trial fruit. Prochloraz residues in fruit from both trials were similar with the highest values being recorded in skin samples, and the lowest in pulp samples.
Sensory evaluation
No differences in overall flavour acceptability and off-flavours were detected between tamarillos after different dip treatments (Table 5) . However, tamarillos treated with the CF strategy, irrespective of the concentrations used, were perceived as having less characteristic tamarillo flavour than either the control or HW dipped fruit. The decrease in characteristic tamarillo flavour was also reflected in the score for overall flavour acceptability, although all treatments were in the acceptable range. Informal comments indicated that all the tamarillos were too acid (which appeared to over-ride any other consideration of flavour) and that texture was too soft especially in the outer pericarp.
DISCUSSION
Some of the potential problems associated with commercial application of a HW dipping strategy to control storage disorders in tamarillos can be overcome by using the CF strategy. Although the CF strategy gave control of disorders similar to the control by HW strategy, as assessed by the proportion Table 4 Imazalil and prochlorazresidues in skin, pulp and whole tamarillo fruit after 8 weeks cool storage at 3.5°C resulting from different postharvest dips. Residues were determined by OLC. 
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New Zealand Journal of Experimental Agriculture, 1988, Vol. 16 of fruit saleable, the CF strategy gave the best overall control of disorders in tenns of fruit free from all disorders including peduncle mycelium and necrosis. The CF strategy has obvious commercial advantages in that it can easily be incorporated into existing packbouse operations. Because of the inherent variability and susceptibility to infection in the tamarillo crop, it is not possible to state that a given dip treatment will ensure a certain standard of quality after storage. Some lines of fruit will allow a longer marketing period following cool storage than others. In fruit from some of the eight orchards used in the 1985 trial, the water dipped control fruit were equally as sound and saleable as fruit from other orchards subjected to the HW strategy. These orchards had fruit that performed quite differently to the majority in the trial, and they illustrate the possible inherent variability. The CF dip gave the greatest reduction of variability in the expression of disorders in fruit from the eight orchards.
Prochloraz and imazalil suppress rather than totally eradicate quiescent and saprophytic infections. Although field sprays do not give as marked a reduction in storage disorders as postharvest dips, captafol field sprays do give some reduction in the incidence of fungal rots (Blank et al. 1987 ). An adequate field spray programme, is therefore, important to reduce the incidence of quiescent infections and enhance the effect of postharvest dips. It would be desirable for an effective field spray strategy to be found to eliminate the necessity of a postharvest dip.
The prochloraz fonnulation used in these trials was the wettable powder (Sportak 50WP) as it was the fonnulation being marketed at the time the initial trials were conducted. However, an emulsifiable concentrate (Sportak 45EC) is now available and its use would reduce the possible occurence of visual fungicide residues on dipped fruit. Recent trials in which the Sportak 45EC prochloraz formulation was used confirm the efficacy of the CF dip in controlling storage disorders (Blank et al. 1987) .
Sensory evaluation results have shown that HW and CF dips do not adversely effect either the overall flavour acceptability or off-flavours in treated tamarillos. It was important to establish that there was no undesirable effects on flavour particularly with prochloraz which has been found to cause taints in commodities such as blackcurrants (McLaughlan 1982) . However, treatment with prochloraz did result in a reduction in characteristic tamarillo flavour.
Maximum residue levels have not been set for imazalil or prochloraz on tamarillos so these fungicides can not be used commercially at present. Registration of both imazalil and prochloraz is presently being pursued in New Zealand.
